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Abstract
Background:  A frequent manifestation of advanced lung cancer is malnutrition, timely
identification and treatment of which can lead to improved patient outcomes. Bioelectrical
impedance analysis (BIA) is an easy-to-use and non-invasive technique to evaluate changes in body
composition and nutritional status. We investigated the prognostic role of BIA-derived phase angle
in advanced non-small cell lung cancer (NSCLC).
Methods: A case series of 165 stages IIIB and IV NSCLC patients treated at our center. The Kaplan
Meier method was used to calculate survival. Cox proportional hazard models were constructed
to evaluate the prognostic effect of phase angle, independent of stage at diagnosis and prior
treatment history.
Results: 93 were males and 72 females. 61 had stage IIIB disease at diagnosis while 104 had stage
IV. The median phase angle was 5.3 degrees (range = 2.9 – 8). Patients with phase angle <= 5.3 had
a median survival of 7.6 months (95% CI: 4.7 to 9.5; n = 81), while those with > 5.3 had 12.4 months
(95% CI: 10.5 to 18.7; n = 84); (p = 0.02). After adjusting for age, stage at diagnosis and prior
treatment history we found that every one degree increase in phase angle was associated with a
relative risk of 0.79 (95% CI: 0.64 to 0.97, P = 0.02).
Conclusion: We found BIA-derived phase angle to be an independent prognostic indicator in
patients with stage IIIB and IV NSCLC. Nutritional interventions targeted at improving phase angle
could potentially lead to an improved survival in patients with advanced NSCLC.
Background
Worldwide, lung cancer is the most common form of can-
cer, with an incidence of 1.35 million new cases per year,
and 1.18 million deaths, with the highest rates in Europe
and North America. Non-small cell lung cancer (NSCLC)
accounts for about 80% of all lung cancers [1].
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Malnutrition is a frequent manifestation in patients with
advanced NSCLC and is a major contributor to morbidity
and mortality [2]. Malnutrition is characterized by
changes in cellular membrane integrity and alterations in
fluid balance [3]. As a result, measurement of body com-
position is an important component of overall nutritional
evaluation in cancer patients [4-6].
Historically, nutritional status has been evaluated by vari-
ous objective measures, including anthropometric (e.g.
weight change, arm muscle circumference, triceps skin-
fold thickness) and laboratory (serum albumin, transfer-
rin assays and nitrogen balance studies) measurements. In
the clinical setting, anthropometric methods are not ideal
because they are time-consuming and require well-trained
staff. Some of the objective measures such as serum albu-
min are likely to be influenced by many non-nutritional
factors [7-10]. Furthermore, some objective indicators
such as serum albumin have long half-lives, thus, assess-
ing changes in the nutritional status over a short period of
time is challenging. A less common tool to assess nutri-
tional status, called Bioelectrical Impedance Analysis
(BIA), can overcome some of these challenges. BIA is an
easy-to-use, non-invasive, and reproducible technique to
evaluate changes in body composition.
BIA has been validated for the assessment of body compo-
sition and nutritional status in a variety of patient popu-
lations including cancer [2,5,11-21]. BIA measures body
component resistance (R) and capacitance (Xc) by record-
ing a voltage drop in applied current [22]. Resistance is the
restriction to the flow of an electric current, primarily
related to the amount of water present in the tissues.
Capacitance is the resistive effect produced by the tissue
interfaces and cell membranes [23]. Capacitance causes
the current to lag behind the voltage creating a phase shift,
which is quantified geometrically as the angular transfor-
mation of the ratio of capacitance to resistance, or the
phase angle [24].
Phase angle reflects the relative contributions of fluid
(resistance) and cellular membranes (capacitance) of the
human body. By definition, phase angle is positively asso-
ciated with capacitance and negatively associated with
resistance [24]. Lower phase angles suggest cell death or
decreased cell integrity, while higher phase angles suggest
large quantities of intact cell membranes [25]. Phase angle
has been found to be a prognostic marker in several clini-
cal conditions such as human immunodeficiency virus
infection, liver cirrhosis, chronic obstructive pulmonary
disease, hemodialysis, sepsis, lung cancer [25-30]. Previ-
ously, we had demonstrated the prognostic role of phase
angle in advanced colorectal and pancreatic cancer
[31,32]. We also recently demonstrated the prognostic
role of phase angle in breast cancer [33]. The primary
objective of this study, which builds upon our prior
research work in this area, was to evaluate the association
of BIA-derived phase angle with survival in patients with
advanced NSCLC.
Methods
A retrospective chart review was performed on a consecu-
tive case series of 165 stages IIIB and IV NSCLC patients
treated at Cancer Treatment Centers of America (CTCA)®
at Midwestern Regional Medical Center (MRMC) between
January 2001 and May 2006 (this is the same time as that
mentioned in our previous breast cancer manuscript). The
patients were identified from the MRMC tumor registry.
Only patients with a histologically confirmed diagnosis of
stages IIIB and IV NSCLC were included in this study. The
study was approved by the Institutional Review Board at
MRMC.
Phase angle was measured using BIA at presentation to
our hospital as part of the overall nutritional assessment
of the patient. For a detailed description of statistical
methods, please refer to our recently published manu-
script on breast cancer [33]. For the purpose of univariate
analysis, phase angle measurements were categorized
using SPSS into 2 mutually exclusive groups with median
= 5.3 as the cut-off. In our previous research on breast can-
cer, we had similarly categorized phase angle measure-
ments using the median value as the cut-off [33]. For the
purpose of multivariate analyses (linear Cox regression),
phase angle was treated as a continuous variable.
Results
At the time of this analysis, 111 patients had expired and
54 were censored, as shown in Table 1. The median age at
diagnosis was 56 years (standard deviation – 9.1 years;
range 30 – 78 years). The median phase angle was 5.3
degrees (standard deviation – 1.1 degrees; range = 2.9 – 8
degrees). Figure 1 depicts a histogram showing the distri-
bution of phase angle scores.
Table 1: Baseline characteristics
Characteristic Categories Number Percent (%)
Sex Male 93 56.4
Female 72 43.6
Vital Status Expired 111 67.3
Censored1 54 32.7
Prior Treatment Progressive disease 85 51.5
History Newly diagnosed 80 48.5
Stage at Diagnosis Stage III 61 37.0
Stage IV 104 63.0
1 Patients who reached the end of their follow-up without 
experiencing death.
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Table 2 shows the univariate survival analysis of different
prognostic factors. Phase angle, tumor stage and treat-
ment history were found to be statistically significantly
associated with survival while gender was not. Every one
year increase in age at diagnosis was associated with a rel-
ative risk of 1.01 (95% CI: 0.98 to 1.03, P = 0.63). The
mean age at diagnosis was 58.1 years (standard deviation
– 8.3 years) and 53.1 years (standard deviation – 9.1
years) for the "below median" and "above median" phase
angles groups respectively, the difference being statisti-
cally significant (p < 0001). Similarly, the mean phase
angle in degrees was 5.6 (standard deviation – 1.1) and
A histogram depicting the distribution of phase angle Figure 1
















Table 2: Univariate Kaplan-Meier survival analysis
Variable Survival in months Log-rank score P-value
Phase Angle
• <= 5.3 7.6 (4.7 to 9.5) 6.3 0.02
• >5.3 12.4 (10.5 to 18.7)
Gender
• Male 8.7 (5.7 to 11.8) 2.9 0.08
• Female 12.2 (4.9 to 19.4)
Tumor Stage
• Stage IIIB 16.8 (9.4 to 24.3) 9.0 0.003
• Stage IV 7.7 (5.9 to 9.3)
Treatment History
• Newly diagnosed 14.3 (9.9 to 20.6) 9.8 0.002
• Progressive disease 6.8 (4.5 to 9.1)
N = 165BMC Cancer 2009, 9:37 http://www.biomedcentral.com/1471-2407/9/37
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4.9 (standard deviation – 0.94) for "males" and "females"
respectively, the difference being statistically significant (p
< 0001).
Figure 2 shows the survival curves for the two categories of
the phase angle. Patients with phase angle <= 5.3 had a
median survival of 7.6 months (95% CI: 4.7 to 9.5; n =
81), while those > 5.3 had 12.4 months (95% CI: 10.5 to
18.7; n = 84); the difference being statistically significant
(p = 0.02).
Table 3 summarizes the results of multivariate Cox regres-
sion analyses. Multivariate Cox modeling, after adjusting
for age, stage at diagnosis and prior treatment history
found that every one degree increase in phase angle was
associated with a relative risk of 0.79 (95% CI: 0.64 to
0.97, P = 0.02).
Discussion
The identification of prognostic factors in advanced
NSCLC is of considerable importance for clinical manage-
ment of the disease. Tumor stage remains the single most
important prognostic factor in advanced NSCLC. The cur-
Survival stratified by phase angle categories with cutoff of 5.3 Figure 2
Survival stratified by phase angle categories with cutoff of 5.3. Each drop in a probability curve indicates one or more 
events in that group. Vertical lines indicate censored patients, i.e., those who reached the end of their follow-up without expe-
riencing death.
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rent study was undertaken to investigate if BIA-derived
phase angle, a potential indicator of nutritional status,
could predict survival in advanced NSCLC cancer.
This study demonstrated that phase angle is a strong pre-
dictor of survival in advanced NSCLC after controlling for
the effects of age, stage at diagnosis and prior treatment
history. A similar study conducted in patients with
advanced lung cancer stratified the patient cohort by the
mean phase angle of 4.5 degrees. Interestingly, patients
with phase angle less than or equal to 4.5 degrees had a
significantly shorter survival than those with phase angle
greater than 4.5 degrees [34]. In our previous study in
stage IV colorectal cancer patients, we found that phase
angle above the median cut-off of 5.6 was associated with
better survival [32]. Similarly, in stage IV pancreatic can-
cer, phase angle above the median cut-off of 5 was associ-
ated with improved survival [31].
This study adds to the growing body of evidence regarding
the clinical applications of BIA derived phase angle
beyond its use in body composition equations. Although
the biological meaning of phase angle is not well under-
stood, it reflects not only body cell mass, but is also one
of the best indicators of cell membrane function, related
to the ratio between extracellular water and intracellular
water [23]. Schwenk et al. has hypothesized that phase
angle could possibly be interpreted as a global marker of
malnutrition in HIV infected patients [30]. In another
study conducted on HIV-infected patients, it was argued
that phase angle reflects the integrity of vital cell mem-
branes [28]. In patients with liver cirrhosis, phase angle
was speculated to be a marker of clinically relevant malnu-
trition characterized by both increased extracellular mass
and decreased body cellular mass [25]. In advanced lung
cancer, phase angle was speculated to be an indicator of
altered tissue electrical properties [34]. In spite of lack of
standardized cut-off values, phase angle seems to play an
important role as a marker of morbidity and mortality in
a wide range of disease conditions, with higher phase
angle reflecting a general indicator of wellness [23].
Limitations of this study relate to the BIA technique and
retrospective study design. This study, because of its retro-
spective nature, relies on data not primarily meant for
research. One potential limitation of the BIA approach for
estimating body composition is the reliance on regression
models, derived in restricted samples of human subjects,
which limits the usefulness of the derived model in other
patients who differ from the original sample in which the
model was developed [35,36]. However, in our study, we
looked at phase angle which does not depend on regres-
sion equations to be calculated, thereby eliminating a
large source of random error [3]. It has also been sug-
gested that the variability of direct bioimpedance meas-
ures (resistance, capacitance, and phase angle) depends
on age, gender, and body mass characteristics of the study
population which could possibly limit the extrapolation
of the model [23,35,37]. A review article by Foster et al.
argued that although the correlation between whole-body
impedance measurements and body composition is
experimentally well established, the reason for the success
of the impedance technique is much less clear [38].
Finally, because we used linear Cox regression, there is a
possibility of a floor effect with phase angle rarely, if ever,
reaching much below 2 degrees. As a result, a degree dif-
ference in phase will may have a much greater relative risk
between 2 and 3 degrees than 7 and 8 degrees.
The other limitations of the study are very similar to the
limitations described in our breast cancer manuscript
[33].
Conclusion
In summary, our study has demonstrated the prognostic
significance of phase angle in advanced NSCLC after con-
trolling for the effects of stage at diagnosis and prior treat-
ment history.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
DG was the main author of the manuscript, participated
in concept, design, data collection, data analysis and data
interpretation. CAL, JK, and SLD participated in concept,
design, data collection and writing. PGV participated in
concept, design and data interpretation. JFG assisted with
Table 3: Multivariate Cox proportional hazard model
Independent Variable Unit of increase RR1 95% CI P-value
Phase angle 1 degree 0.79 0.64, 0.97 0.02
Age at diagnosis 1 year 1.0 0.98, 1.02 0.99
Stage at Diagnosis Stage IIIB as referent 1.8 1.1, 2.7 0.01
Treatment History Newly Diagnosed as referent 1.7 1.2, 2.6 0.01
1 Relative risk (Cox proportional hazard)
N = 165BMC Cancer 2009, 9:37 http://www.biomedcentral.com/1471-2407/9/37
Page 6 of 6
(page number not for citation purposes)
the statistical analysis and data interpretation. CGL partic-
ipated in concept, design, writing and data interpretation.
All authors read and approved the final manuscript.
Acknowledgements
This study was funded by Cancer Treatment Centers of America®. We 
thank Norine Oplt, chief of our Cancer Registry, for providing us with reli-
able and updated survival data.
References
1. Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics,
2002.  CA Cancer J Clin 2005, 55:74-108.
2. Sarhill N, Mahmoud FA, Christie R, Tahir A: Assessment of nutri-
tional status and fluid deficits in advanced cancer.  Am J Hosp
Palliat Care 2003, 20:465-473.
3. Barbosa-Silva MC, Barros AJ, Post CL, Waitzberg DL, Heymsfield SB:
Can bioelectrical impedance analysis identify malnutrition in
preoperative nutrition assessment?  Nutrition 2003, 19:422-426.
4. Cox-Reijven PL, van Kreel B, Soeters PB: Bioelectrical impedance
measurements in patients with gastrointestinal disease: val-
idation of the spectrum approach and a comparison of differ-
ent methods for screening for nutritional depletion.  Am J Clin
Nutr 2003, 78:1111-1119.
5. Fredrix EW, Saris WH, Soeters PB, Wouters EF, Kester AD, von
Meyenfeldt MF, Westerterp KR: Estimation of body composition
by bioelectrical impedance in cancer patients.  Eur J Clin Nutr
1990, 44:749-752.
6. Kushner RF: Bioelectrical impedance analysis: a review of
principles and applications.  J Am Coll Nutr 1992, 11:199-209.
7. Bauer J, Capra S, Ferguson M: Use of the scored Patient-Gener-
ated Subjective Global Assessment (PG-SGA) as a nutrition
assessment tool in patients with cancer.  Eur J Clin Nutr 2002,
56:779-785.
8. Carney DE, Meguid MM: Current concepts in nutritional assess-
ment.  Arch Surg 2002, 137:42-45.
9. Waitzberg DL, Correia MI: Nutritional assessment in the hospi-
talized patient.  Curr Opin Clin Nutr Metab Care 2003, 6:531-538.
10. Detsky AS, Baker JP, Mendelson RA, Wolman SL, Wesson DE, Jeejee-
bhoy KN: Evaluating the accuracy of nutritional assessment
techniques applied to hospitalized patients: methodology
and comparisons.  JPEN J Parenter Enteral Nutr 1984, 8:153-159.
11. Nagano M, Suita S, Yamanouchi T: The validity of bioelectrical
impedance phase angle for nutritional assessment in chil-
dren.  J Pediatr Surg 2000, 35:1035-1039.
12. Marken Lichtenbelt WD, Westerterp KR, Wouters L, Luijendijk SC:
Validation of bioelectrical-impedance measurements as a
method to estimate body-water compartments.  Am J Clin Nutr
1994, 60:159-166.
13. Desport JC, Preux PM, Bouteloup-Demange C, Clavelou P, Beaufrere
B, Bonnet C, Couratier PP: Validation of bioelectrical imped-
ance analysis in patients with amyotrophic lateral sclerosis.
Am J Clin Nutr 2003, 77:1179-1185.
14. Adami GF, Marinari G, Gandolfo P, Cocchi F, Friedman D, Scopinaro
N: The use of bioelectrical impedance analysis for monitor-
ing body composition changes during nutritional support.
Surg Today 1993, 23:867-870.
15. Azcue M, Fried M, Pencharz PB: Use of bioelectrical impedance
analysis to measure total body water in patients with cystic
fibrosis.  J Pediatr Gastroenterol Nutr 1993, 16:440-445.
16. Chertow GM, Lowrie EG, Wilmore DW, Gonzalez J, Lew NL, Ling J,
Leboff MS, Gottlieb MN, Huang W, Zebrowski B: Nutritional
assessment with bioelectrical impedance analysis in mainte-
nance hemodialysis patients.  J Am Soc Nephrol 1995, 6:75-81.
17. Fein PA, Gundumalla G, Jorden A, Matza B, Chattopadhyay J, Avram
MM: Usefulness of bioelectrical impedance analysis in moni-
toring nutrition status and survival of peritoneal dialysis
patients.  Adv Perit Dial 2002, 18:195-199.
18. Lukaski HC, Johnson PE, Bolonchuk WW, Lykken GI: Assessment
of fat-free mass using bioelectrical impedance measure-
ments of the human body.  Am J Clin Nutr 1985, 41:810-817.
19. Pencharz PB, Azcue M: Use of bioelectrical impedance analysis
measurements in the clinical management of malnutrition.
Am J Clin Nutr 1996, 64:485S-488S.
20. Pupim LB, Kent P, Ikizler TA: Bioelectrical impedance analysis in
dialysis patients.  Miner Electrolyte Metab 1999, 25:400-406.
21. Simons JP, Schols AM, Westerterp KR, ten Velde GP, Wouters EF:
The use of bioelectrical impedance analysis to predict total
body water in patients with cancer cachexia.  Am J Clin Nutr
1995, 61:741-745.
22. Zarowitz BJ, Pilla AM: Bioelectrical impedance in clinical prac-
tice.  DICP 1989, 23:548-555.
23. Barbosa-Silva MC, Barros AJ: Bioelectrical impedance analysis in
clinical practice: a new perspective on its use beyond body
composition equations.  Curr Opin Clin Nutr Metab Care 2005,
8:311-317.
24. Baumgartner RN, Chumlea WC, Roche AF: Bioelectric imped-
ance phase angle and body composition.  Am J Clin Nutr 1988,
48:16-23.
25. Selberg O, Selberg D: Norms and correlates of bioimpedance
phase angle in healthy human subjects, hospitalized patients,
and patients with liver cirrhosis.  Eur J Appl Physiol 2002,
86:509-516.
26. Faisy C, Rabbat A, Kouchakji B, Laaban JP: Bioelectrical imped-
ance analysis in estimating nutritional status and outcome of
patients with chronic obstructive pulmonary disease and
acute respiratory failure.  Intensive Care Med 2000, 26:518-525.
27. Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA, Michelassi
C:  Nutritional and prognostic correlates of bioimpedance
indexes in hemodialysis patients.  Kidney Int 1996, 50:2103-2108.
28. Ott M, Fischer H, Polat H, Helm EB, Frenz M, Caspary WF, Lembcke
B: Bioelectrical impedance analysis as a predictor of survival
in patients with human immunodeficiency virus infection.  J
Acquir Immune Defic Syndr Hum Retrovirol 1995, 9:20-25.
29. Schwenk A, Ward LC, Elia M, Scott GM: Bioelectrical impedance
analysis predicts outcome in patients with suspected bacter-
emia.  Infection 1998, 26:277-282.
30. Schwenk A, Beisenherz A, Romer K, Kremer G, Salzberger B, Elia M:
Phase angle from bioelectrical impedance analysis remains
an independent predictive marker in HIV-infected patients
in the era of highly active antiretroviral treatment.  Am J Clin
Nutr 2000, 72:496-501.
31. Gupta D, Lis CG, Dahlk SL, Vashi PG, Grutsch JF, Lammersfeld CA:
Bioelectrical impedance phase angle as a prognostic indica-
tor in advanced pancreatic cancer.  Br J Nutr 2004, 92:957-962.
32. Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG, Grutsch
JF, Hoffman S, Lis CG: Bioelectrical impedance phase angle in
clinical practice: implications for prognosis in advanced
colorectal cancer.  Am J Clin Nutr 2004, 80:1634-1638.
33. Gupta D, Lammersfeld CA, Vashi PG, King J, Dahlk SL, Grutsch JF, Lis
CG:  Bioelectrical impedance phase angle as a prognostic
indicator in breast cancer.  BMC Cancer 2008, 8:249.
34. Toso S, Piccoli A, Gusella M, Menon D, Bononi A, Crepaldi G, Fer-
razzi E: Altered tissue electric properties in lung cancer
patients as detected by bioelectric impedance vector analy-
sis.  Nutrition 2000, 16:120-124.
35. Elia M: The bioimpedance 'craze'.  Eur J Clin Nutr 1993,
47:825-827.
36. Lukaski HC: Requirements for clinical use of bioelectrical
impedance analysis (BIA).  Ann N Y Acad Sci 1999, 20;873:72-76.
37. Dittmar M: Reliability and variability of bioimpedance meas-
ures in normal adults: effects of age, gender, and body mass.
Am J Phys Anthropol 2003, 122:361-370.
38. Foster KR, Lukaski HC: Whole-body impedance – what does it
measure?  Am J Clin Nutr 1996, 64:388S-396S.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/9/37/prepub